bbstract
The simulation of microstructural evolution during primary breakdown of production sized alloy 718 ingots by radial forging was accomplished via multiple stroke axial compression testing of cylindrical specimens taken from a wrought and heat treated bar with a 254vm grain size. Four stroke compression test sequences were performed at a constant true strain rate of 1.0 s-l and at temperatures of 95O"C, 105O"C, and 1150°C. The applied strain per stroke for each four stroke sequence was either 0.14 or 0.23. Static, rather than dynamic, recrystallization was found to be responsible for the observed grain size refinement and its repetitive occurrence during back to back dwell periods resulted in the maintenance of a fine grain microstructure during multiple pass deformation sequences. - A portion of the observed softening should also be due to static recovery.
At 95O"C, Pig, 3, it appears that the amount of softening remains unchanged from dwell period to dwell period.
However, at 105O"C, Fig. 4 At lOSO"C, yield stress and softening vary dramatically with the variables studied (Table IV) Fig. 6(b) . At 115O"C, the amount of restoration that occurs is masked by strengthening during the dwell periods as shown in Fig. 5 and Figure 11 shows the variation in softening (upper curves) with strain for 950°C and 1050°C.
At 95O"C, softening is independent of the test parameters and for the most part is time-independent. At 105O"C, softening Table III for dwell times). 
Nicrostructural Evolution
Figures 12 and 13 show the evolution of the 1050°C midlength, 0.14 strain/cycle microstructure shown in Fig. 6(b) during the applied deformation-dwell time history. Immediately after applying the first strain cycle of 0.14, the specimen was rapidly quenched within two seconds. The microstructure was deformed and showed no evidence of recrystallization (micrograph not shown). Figure 12 (a) shows that during the subsequent 70 second dwell period and prior to the imposition of the second strain cycle, approximately 11 pet. of the deformed microstructure statistically recrystallized.
The average recrystallized grain diameter is 45pm. Figure 12( Figure 13(c) shows the microstructure of Fig. 13(b) Fig. 14(a) , shows that the coarse recrystallized grains nucleate and grow at the prior high angle grain boundaries and triple points, while the newer fine recrystallized grains nucleate at the elder coarse recrystallized high angle grain boundaries and triple points [the "ghost" prior grain boundaries of both types are apparent in Fig. 14(b) ].
The coarse grains could have originated during the first, 130 second hold or during the final 130 second hold. The fact that repeated recrystallization is so prevalent at 105O"C, and that it occurs quite rapidly (within 2 seconds) gives credence for the latter scenario, coarse grains nucleating and growing during the second 130 second hold and the fine grain necklaces nucleating and growing after cessation of the fourth strain cycle and before the quench. Fig. 17 , the final recrystallized grain size of the wrought 25Opm grain diameter type 304L SS after four passes at either 95O"C, lOSO"C, and 115O"C, also agrees well with the as-cast type 305 SS alloy grain sizes plotted in Fig. 17 .
Also shown in Fig. 17 and then held at temperature for the remaini.ng steps. The strain rate was lOs-l.
The specimen was held at temperature for one minute before the next step was applied.
The data key follows: (Table II) .
If dynamic recrystallization occurs during later passes it would be favored at the midlength by the finer grain size and at the bar ends because of the short ten second dwell time which results in greater cumulative strain to drive dynamic recrystallization. Dynamic recrystallization would not be expected to occur fully on the 3rd or 4th passes when considering the data of Guimasaes and Jonas. Static recrystallization remains the dominant grain refinement mechanism as shown here by the sequence of microstructures in Fig. 13 for 1050°C multiple stroke compression.
In fact, significant softening of the flow curves which would be indicative of dynamic recrystallization was never observed.
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